The actions of prostigmine, eserine, and the dimethylcarbamic ester of 8-hydroxym ethylquinolinium m ethylsulphate upon the frog's isolated nervesartorius preparation have been exam ined by a method developed by Lucas (1911). W ith Ringer-soaked preparations from frogs kept at 14-18° C for some days before use the minimum interval at which two shocks applied to the nerve could elicit a summated muscular response was about 20 % longer than the absolute refractory period of the nerve. Any of the abovem entioned compounds prolonged the minimum interval for a summated response, but caused the tim e at which an extra interpolated shock began to cut down the response to the final shock to become only a little later. Curarine or atropine reversed the prolongation of minimum interval.
B y the same m ethod, the actions of the same eserine-like compounds upon preparations which had been treated with Ringer's solution of half the usual calcium content were examined. Either before or after treatment, it was impossible to cut down the muscular response by interpolating an extra shock.
The action of prostigmine upon Ringer-soaked preparations was e x amined by a m ethod developed by Adrian (1913) , involving determination of the rate of recovery o f excitability in the motor nerve at the site of stim ulation and in the remaining more peripheral part of the preparation. Prostigmine influenced little the recovery process at the site of stimulation, whereas it prolonged the slower and more peripheral recovery process. Curarine reversed the prolongation of the more peripheral recovery.
W ith Ringer-soaked preparations, during the block of neuromuscular transmission produced by rapid repetitive stim ulation of the nerve, the response of the muscle to direct stim ulation was reduced. If, however, neuromuscular transmission had been blocked by curarine, stimulation of the nerve did not reduce the response of the muscle to direct stimulation.
In the introduction to the preceding paper I stated my reasons for examining, by the methods of and of Adrian (1913) , the actions of eserine-like compounds upon frog's nerve-muscle preparations. Certain preliminary work was described in th a t paper. I shall now outline the methods of Lucas and of Adrian.
Keith Lucas showed th a t the minimum interval a t which two shocks applied in succession to the nerve of a frog's nerve-muscle preparation could elicit from the muscle two electric responses, or a summated muscular contraction, was longer (generally about 20 %) than the absolute refractory period of the nerve. He found also th a t if two shocks were applied to the nerve a t such an interval th a t the second produced a summated contraction of the muscle, then a third shock interpolated late enough to set up a second impulse in the nerve, but not late enough to set up a second impulse in the muscle, abolished the effect of its successor (originally the second shock). This, he claimed, was 'Wedensky's inhibition in its simplest form '.
Lucas's observations were extended by Adrian, who made a detailed examination of the effects of varying the strengths of the shocks applied to the nerve. Using two shocks, the first being of maximal strength, he determined the relation between the strength of second shock and the interval which had to elapse between the shocks in order to produce a summated muscular contraction. W ith some preparations he found th a t as the strength of the second shock was increased the interval for a summated contraction became shorter, but th a t once the strength of the second shock exceeded a certain critical value (about 3-5 times threshold) the interval for a summated contraction exhibited no further diminution (e.g. curve R S T in figure 3 A). W ith other preparations he found no discontinuity in the relation between strength of second shock and interval for summated contraction-the interval diminished progressively as the strength of the second shock was increased up to 10-15 times threshold (e.g. curve QST in figure 3 A). By varying independently the tem perature of the nerve at the site of stimulation and a t a region peripheral to it, he was able to show th a t the second type of curve represented the course of recovery a t the site of stim ulation; th a t in the first (or composite) type of curve the approxi mately hyperbolic part also represented the course of recovery a t the site of stimulation, whilst the vertical part indicated th a t although a strong and early shock could set up an impulse in the nerve, it was nevertheless ineffective if recovery was slower a t some more peripheral part of the preparation. Using three shocks and varying the strengths of the second and third, Adrian found th a t the second shock could render the third in effective only if the second shock was of such a strength, and was inter polated at such a time, th at it set up a second impulse in the nerve whilst the peripheral part of the preparation was still refractory, i.e. only if the second shock was of such a strength and was interpolated at such a time th at it fell within the shaded area in figure 3 A. He showed th a t with preparations in which the recovery at the site of stimulation was slower than a t the peripheral part this inhibition could not be produced. In establishing the foregoing results with three shocks, Adrian applied the first and second shocks at one pair of electrodes and the third at another pair of electrodes, because he found th at, in certain conditions, if all three shocks were applied a t the same electrodes a separate and relatively less im portant inhibition was produced at the site of stimulation; a (strong) second shock following the first too early to set up a propagated impulse in the nerve might inhibit the effect of an otherwise just adequate third shock. He pointed out th a t this local inhibition was consistent with Gildemeister's (1908) and with Levinsohn's (1910) observations th a t for a short time after the application of a subliminal stimulus to a previously unstimulated nerve the excitability became depressed locally, reducing the effectiveness of, or making ineffective, a subsequent stimulus. Since then, this change of excitability has been studied by Erlanger and Blair (1931 and has been called by them 'the post-cathodal depression'.
Using shocks of short duration to excite nerve, Bramwell and Lucas (1911) found th at, within the limits of their method, the absolute refractory period was due to propagated excitation, and not to local effects at the electrodes. More recently, Graham (1933) found th a t the minimum interval a t which two shocks, when applied to nerve through the same electrodes, could evoke two responses was equal to, or slightly greater than, the absolute refractory period due to propagated excitation. There is no reason to suppose th a t the absolute refractory period of the peripheral part of a nerve fibre is greater than th a t of the more central part. If, therefore, a nerve-muscle preparation, the whole of which is a t a uniform temperature, gives, when examined by A drian's method, a curve of the composite type, it follows th a t the slower of the recovery processes occurs at the nerve endings or peripherally to them.
If eserine-like compounds act only upon nerve endings or more peri pherally, they would be expected, in terms of Lucas's work, to prolong the minimal interval for a summated muscular response, leaving the absolute refractory period of the nerve unchanged; in terms of Adrian's work, to slow the peripheral recovery process, leaving th a t a t the site of stimulation unchanged. § § 1 and 2 deal with the experimental testing of these expectations. Some of the results have been summarized in a preliminary communication (1936) . § 3 deals with experiments which showed th a t during the block of neuromuscular transmission produced by high-frequency stimulation of the nerve of a nerve-sartorius preparation the response of the muscle to direct stimulation was also reduced.
Nerve-sartorius preparations from warm frogs only were used. Except where otherwise stated, the Ringer's solution and other substances were the same as described in the preceding paper. Preparation 3393 was not used: in this paper the expression c eserine-like compounds ' does not include that compound.
SECTION 1

Method
Outline. Having regard to the apparatus a t my immediate disposal I chose the following method as a simple one for verifying and extending Lucas's observations. W ith a Ringer-soaked nerve-muscle preparation:
(a) the minimum interval a t which two shocks applied in succession to the nerve could elicit a summated response (tension) from the muscle was determined;
(b) the interval between the shocks was fixed at a value slightly greater than the minimum one, and then the changes produced in the size of the muscular response by interpolating another shock a t various times between the other two were examined.
The determinations (a) and (6) were repeated once or more than once in order to ascertain whether the preparation had reached a steady or very slowly changing state. When such a state had been reached the prepara tion was treated with Ringer's solution containing the substance whose action was to be examined. The preparation was left undisturbed for a time estimated as sufficient for th a t action to become well developed, and then the determinations (a) and (6) were repeated; afterwards they were repeated at intervals so long as appreciable change continued. In some experiments, when a second fairly steady state had been reached, another substance was added to the bath in order th a t its action subsequent To th a t of the first could be examined. After another interval, the determina tions (a) and (b) were continued until a third fairly steady state had been reached. Control experiments were made keeping preparations in Ringer's solution and repeating the determinations (a) and (6) periodically. To provide control experiments of another kind, approximate determinations of the absolute refractory period of frog's sciatic nerve trunks were made before and after treatm ent with the substance under examination. For these determinations a sensitive galvanometer was used ballistically to detect two electric responses in the nerve.
The above-described experiments were made with warm nerve-muscle preparations. In most instances Ringer's solution was used for the preliminary soaking and subsequent experiment, but in a few instances Ringer's solution of half the usual calcium content was used instead. Preparations which had been treated in the latter way rather than cold preparations were chosen for the experiments involving augmented re sponses, because their responses did not change slowly as did those of the cold preparations soaked in Ringer's solution containing an eserinelike compound (see preceding paper). For the control experiments with nerve, sciatic trunks from warm frogs were used. The Ringer's solution was buffered to pH 7-2 with phosphate, and contained 0-02% CaCl2. The reasons for using a phosphate buffer have been discussed previously (Cowan 1938) .
Details of experiments with nerve-muscle preparations
The preparation was mounted in the bath described in the preceding paper (figure 1). In some experiments break induction shocks were used to stimulate the nerve, in others condenser discharges of time-constant 50/isec. Both kinds of shock were timed by Lucas's pendulum. The in duction shocks were obtained from three coreless coils with their windings at right angles to one another. Their secondary windings were connected to the same electrodes ( Pa nd Q in figure 1 of the preceding p a way th a t all the shocks were delivered in the same sense, namely so th a t the electrode proximal to the muscle ( ) was always the cathode. The condenser discharges were obtained by the arrangement shown in figure 2 A of the preceding paper. They were also delivered so th a t the electrode proximal to the muscle was the cathode. The methods of adjusting the strengths of the induction shocks and the condenser shocks were those already described. The muscle was connected to an isometric lever writing on a smoked drum which was moved on by hand after each response had been recorded. In order to make the measurement of the size of the re sponse as easy as possible and to eliminate small variations due either to differences in the friction between the paper and writing point or to changes in the preparation itself, the response to a single shock was recorded alternately with th a t to each test with two or with three shocks; also, a further precaution, during the determination (6) the response to two shocks without the interpolated shock was recorded at intervals.
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Details of the experiments with nerve
The details of the method were those described in a previous paper (Cowan 1938) , except th a t single shocks or shocks timed by a Lucas's pendulum were substituted for repetitive stimulation. The single shocks were break induction shocks or condenser discharges as above.
R esults
Ringer-soaked preparations
If the interpolated shock was sent in a t the beginning of the interval between the other two, it produced no change in the summated muscular response: if sent in later, it caused the response to be a slightly augmented one: if sent in during the last 20 % of the interval, it reduced the response. The results of this p art of an experiment are summarized in figure 1 A.
In the experiments with preparations which were soaked in Ringer's solution for about 3 hr. the minimum interval for a summated response increased-generally by 10-3 0 % . The time a t which the interpolated shock began to reduce the response also became later, by 10-20% .
The action of eserine-like compounds upon Ringer-soaked preparations
Treatm ent for 1-2 hr. with a solution containing 0-06 prostigmine prolonged the minimum interval for a summated muscular response by 50-100% . The time a t which the interpolated shock began to reduce the response became 10-20% later. The interpolated shock was effective in reducing the response if sent in any time between then and the end of the summation interval. Treatm ent for 1 -1 | hr. with a solution containing 3 pM prostigmine prolonged the minimum interval for a summated re sponse by about 200% , i.e. from about 2-2*5 to 5-8 msec. As in the experiments with weaker prostigmine solutions, the time a t which the interpolated shock began to reduce the summated response became 10-20 % later (figure 1B). Treatm ent with solutions containing prostigmine in greater concentrations than those stated above prolonged the minimum interval to an even greater degree. The time a t which the interpolated shock began to reduce the response became little if at all later than it did after treatm ent with the weaker prostigmine solutions.
Results qualitatively indistinguishable from those described above were obtained when eserine or Substance 38 was used instead of prostigmine.
The action of curarine or atropine upon preparations which had been treated with an eserine-like compound
If a preparation whose minimal interval for a summated response had been prolonged by prostigmine or eserine were subsequently treated for § -l hr. with curarine chloride in concentration 0-2-0-4 the minimum interval became shortened again to approximately w hat it had been at the beginning of the experiment, when the preparation was soaking in pure Ringer's solution. The time a t which the interpolated shock began to reduce the response remained unchanged or became slightly later. Changes of this kind are shown in figure 1C .
The action of atropine sulphate in concentration 1 in 10,000 upon prostigmine-treated preparations was indistinguishabl from th a t of curarine chloride in concentration 0*2-0-4 /dVt.
Experiments with nerve
In different experiments with nerve the galvanometer deflection due to the action current response to a single shock ranged from about T 5-3 mm. The position of the spot on the scale was steady and could easily be read to within 0*2 mm. Whilst adm ittedly the sensitivity was insufficient to detect a small second response in the nerve, and consequently any small changes of refractory period, it was sufficient to ascertain th a t prostigmine, curarine or atropine, in the concentrations stated above, did not prolong the absolute refractory period by more than 30-50 % of its initial value.
Experiments with preparations soaked in Ringer's solution of one-half the usual calcium content
The minimum interval for a summated response was 2-2*2 msec.-perhaps a little shorter than in the experiments with preparations soaked in Ringer's solution of the usual calcium content. An interpolated shock sent in early between the other two produced no change in the summated response; sent in later, it produced a very slight augmentation. When the preparation was treated with modified Ringer's solution containing 3 of prostigmine, the response evoked by a single shock to the nerve became augmented and was followed by twitchings, as described in the preceding paper. The minimum interval was prolonged by less than 20% . An additional shock interpolated at any time during the summation interval produced no appreciable change in the response. Subsequent treatm ent with curarine chloride or atropine sulphate in concentration just sufficient to abolish the augmentation of response to a single shock, and the aftertwitch ings, produced no change in the minimum interval; nor did either substance cause the interpolated shock to produce any change in the response.
D iscussion
The observations with Ringer-soaked warm preparations are in agree ment with the earlier observations of Lucas. Lucas showed th at the time a t which the interpolated shock began to reduce the muscular re sponse was the earliest time a t which a second shock following a first could evoke a second electric response from the nerve. He also showed that, corresponding to the slight augm entation of muscular response which occurred when the interpolated shock was sent in during the earlier part of the summation interval, there occurred a slight augmentation of the electric response of the nerve. He suggested th a t the augmentation occurred because the second shock, falling on the nerve fibres whilst they were still refractory, set up local excitations which enabled the third shock to excite a few fibres which it would otherwise have been unable to excite. Recently K atz (1937) has offered evidence for a local response in frog nerve; Hodgkin (1938) found th a t in non-medullated, crustacean nerve a local electric response could be detected just before the end of the absolute refractory period. I t may be th a t Lucas's suggestion is correct, but the possibility of a polarization effect a t one of the membranes of the nerve trunk cannot yet be excluded.
My finding, th a t the time a t which the interpolated shock began to reduce the muscular response became little or no later after treatm ent with any of the eserine-like substances, curarine, or atropine, than it became after treatm ent with Ringer's solution alone, implies th a t these substances have very little action upon the absolute refractory period of nerve. This is supported by the rough determinations of refractory period of sciatic nerve trunks. I t appears, therefore, th a t the actions of the above-mentioned substances, on the muscular response to nerve volleys, are effected at the nerve endings or peripherally to them. Before we can regard this con clusion as firmly based, however, there are two possibilities to be disposed of. They are possibilities to which Adrian gave attention in his earlier work. One, already mentioned at«the beginning of this paper, is th a t the inter polated shock exerted a local inhibitory action on the nerve. The other is th a t the first and second shocks set up volleys in the motor nerve fibres, whereas the interpolated shock sets up a volley in some other group of fibres of the mixed nerve, which recover more quickly than the motor fibres. Although the above-described results indicate th a t neither possi bility is at all probable, I thought it well to try to obtain more direct evidence by Adrian's method.
SECTION 2
Method
For these experiments it was necessary to apply shocks to the nerve of a nerve-muscle preparation a t two different points. To this end the partitions in the bath shown in figure 1 of the preceding paper were re moved and replaced by others arranged as shown in figure 2 . By leading in current through the non-polarizable zinc-zinc sulphate half-cells X and Y shocks could be applied to the central part of the nerve; by leading in current through the half-cells W and V shocks could be applied at a point about 20 mm. nearer the muscle. One, two, or three break shocks were obtained by means of the Lucas's pendulum and three coreless coils, as described earlier. The shocks were so delivered th a t the cathode was the electrode nearer the muscle, i.e. W or Y was the cathode. Only Ringer-soaked, warm preparations were used. In order to simplify description of an experiment, I shall anticipate the results to the extent of stating th at the curves obtained were all of Adrian's first (or com posite) type. The main steps were as follows. First, the threshold of the motor nerve fibres for a shock applied through the more central electrodes was determined. As Adrian has pointed out, the threshold of the motor fibres is a convenient unit in which to express the strengths of the shocks used in any one experiment, and to compare the results of different experi ments. The second step was to fix the strength of the shock a t a slightly supra-maximal value, and then, by sending in a second shock through the same electrodes, a t various times after the first shock, to determine at each of those times the minimum strength of second shock needed to evoke a summated muscular response. The third step was to repeat the determina tion of threshold of the motor nerve fibres. The fourth step was to readjust the first shock to a slightly supra-maximal strength and then applying the second shock, adjusted to a strength of about fifteen times threshold (i.e. 3-5 times maximal), a t the more peripheral electrodes, to set the interval between the shocks a t a value slightly greater than the minimum one for a summated muscular response. The fifth step was to send in, through the central electrodes a t various times between the other two shocks, an interpolated shock, and to determine a t each of those times the minimum strength needed to inhibit the summated response of the muscle. The sixth step was to repeat the determination of threshold of the motor nerve fibres. After these determinations had been completed the bath was drained and then filled with Ringer's solution containing prostigmine. and the preparation was left undisturbed for 1| hr. At the end of th a t time the steps one to six were repeated. This done, a small amount of curarine chloride was added. After another half hour the steps one to six were again repeated.
Control experiments were made with preparations which were kept in Ringer's solution for the whole time.
R esults
Three experiments and two control experiments were made. Whilst the preparation was in Ringer's solution the relation between the minimum interval for a summated response and the strength of second shock was th a t summarized by the full lines in figure 3 A. The minimum interval diminished with increase of shock strength up to about 5 times threshold, but was unaffected by further increase. The dotted line shows the relation between the time at which the interpolated shock was sent in and the least strength needed to reduce the summated muscular response. Figure 3B shows the same two relationships as figure 3 A, but after the preparation had been treated with 3 /dVE prostigmine solution. The minimum interval for a summated response was little changed with strengths of second shock up to about twice threshold; further increases of strength did not shorten it. The limiting value was about 7 msec. The strength-time relation for inhibition by the interpolated shock was changed as follows: weaker and later shocks became effective; shocks of moderate strength remained effective at about the same times as before treatm en t; strong shocks became unable to inhibit quite so early as they had done before treatment. After the preparation had been treated with curarine chloride in concentra tion 0-4 /dVI the two relationships became those summarized in figure 3 C. The limiting value of the minimum interval (4-1 msec.) was reached with a strength of second shock less than 3 times threshold. Strong or moderately strong interpolated shocks inhibited the muscular response a t the same time as before the curarine, late and weak shocks became unable to inhibit.
In the control experiments the limiting value of the minimum interval for muscular summation increased by 10-2 0 % in about 3 hr.; also, the time at which a strong interpolated shock could inhibit muscular summa tion became about 10% later (see figure 4 A, B) . 
Discussion
Since the hyperbolic part of the curve relating the interval between two shocks to the strength of second shock necessary to evoke a summated response was changed little more, if a t all, by prostigmine than by Ringer's solution, it is to be concluded th a t prostigmine influenced very little the (local) recovery process in the motor nerve fibres. The shifting of the vertical p art of the curve towards longer intervals indicates th at prostig mine slowed the already slower recovery process occurring a t the nerve endings or peripherally to them. The finding th a t the strength-time curve for inhibition of the muscular response by an interpolated shock was continuous with the hyperbolic part of the summation curve, both before and after preparations were treated with prostigmine, is, I think, good ground for presuming th a t the former curve was the remainder of the curve representing the recovery of the motor nerve fibres. If so, the nerve volley set up by the interpolated shock travelled in the motor fibres. The observa tion th a t prostigmine changed the inhibition curve very little, if at all, supports the conclusion th a t prostigmine influenced very little the recovery process in the motor nerve fibres. Now th a t the objections raised in § 1 have been disposed of, it is convenient to gather together certain conclusions. In warm, Ringersoaked preparations, on the one hand, apparently the setting up of an impulse in a muscle fibre, by a nerve impulse, is followed by a block at the nerve ending or a t some p art peripheral to it. The block lasts longer than the absolute refractory period of the nerve fibre. During the block a second impulse arriving a t the nerve ending is not only ineffective, but prolongs the block. Although prostigmine does not influence appreciably the recovery process in the nerve, nor the response of a muscle to a nerve impulse (apart from causing an after-tension to appear, as described in the preceding paper), it prolongs greatly the block which occurs at the nerve ending or peripherally to it. Curarine or atropine, in small concentration, can shorten the block which has been prolonged by prostigmine. In sensitized preparations, on the other hand, the setting up of an impulse in a muscle fibre, by a nerve impulse, is not followed by a block. Nor does treatm ent with prostigmine, in small concentration, cause such a block to appear. The muscular response becomes augmented, as described in the preceding paper.
SECTION 3
The experiments on warm, Ringer-soaked preparations, described in this and the preceding paper, suggested th a t the block which followed the passage of a volley from the nerve to the muscle would extend into the part of the muscle near the nerve endings; th a t with preparations which had been treated with an eserine-like substance the block would also extend into the muscle, whereas with preparations which had been treated with curarine the block would not extend into the muscle. The general structure of the sartorius preparation makes it very suitable for an experimental test of these suggestions. I f the block extended into the muscle, it was to be expected th a t impulses starting from the pelvic end would fail to travel the whole length of the muscle fibres and th a t consequently the size of the response would be reduced.
Experiments have been made in two ways. In both of them repetitive stimulation a t frequencies higher than 25 per sec. was used because the records so obtained can be easily understood. One way was to record the effect upon the tension developed by the muscle when the nerve was stimulated for a few seconds a t a frequency high enough to produce neuro muscular block whilst the pelvic end of the muscle was being stimulated continuously. The other way was to record the tension developed by the muscle in response to stimulation of the pelvic end for a few seconds whilst the nerve was being stimulated a t a frequency high enough to produce neuromuscular block.
Before going on I must make it clear th a t Feng (19366, 1937a ) has already published the results of some experiments nearly all of which were made with toad's nerve-sartorius preparations ( asiaticus). As most of my observations with frog's preparations differ little from Feng's corresponding observations I have endeavoured to make my description as short as possible, although not so short th a t it cannot be understood without reference to Feng's papers. Also, I have included a few observa tions which have not been recorded by Feng. When I made my experiments I was ignorant of Feng's work, although the first paper cited had been published nearly three months earlier. I re mained ignorant of Feng's work until about a month after publication of the second paper cited. Since then Feng has published a paper (19376) , which deals with the relation between local heat production in muscle and the blocking of propagated excitation during block of neuromuscular transmission.
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E xperimental details
The modified Lucas trough and isometric spring torsion lever mentioned in § 1 of the preceding paper were used. The following precautions were taken against interference between the shocks applied to the nerve and those applied to the muscle. The preparation was so arranged th a t the longest axis of the nerve was perpendicular to the plane containing the two longer axes of the muscle. Four zinc-zinc sulphate half-cells were used to lead in the stimulating currents-two for the nerve and two for the muscle. The half-cells carrying the current for the muscle were placed along the longest axis of the muscle, and the half-cells carrying the current for the nerve along the longest axis of the nerve. Repetitive stimulation of the nerve was effected by alternate charge and discharge of a condenser by rotating commutator (Hill 1934) . Stimulation of the muscle was effected by a similar but quite separate apparatus. The effective resistances shunting the nerve and the muscle condensers were the same as in earlier experiments on repetitive stimulation (1938).
R esults
If, whilst the muscle of a Ringer-soaked preparation was giving a steady or slowly declining response to stimulation of the pelvic end a t a frequency between 70 and 200 per sec., the nerve was also stimulated a t a frequency low enough for neuromuscular transmission to be well maintained (40-80 per sec.), no change occurred in the response. If, however, the muscle was being stim ulated a t low frequency (30-50 per sec.) and then the nerve was stimulated a t a frequency lying a t the higher end of the range mentioned above, the response suffered a transient augmentation which never ex ceeded 2% ( figure 5A-C) .
In the converse type of experiment to th a t just described, stimulation of the muscle whilst the nerve was being stim ulated a t a frequency between 40 and 80 per sec. produced no change in the response.
In contrast to the foregoing results, if, whilst the muscle was giving a steady or slowly declining response to stimulation a t a frequency between 70 and 200 per sec., the nerve was stimulated a t a frequency high enough to produce almost immediate failure of neuromuscular transmission (usually 180-200 per sec.; see Cowan 1938) , the response sank rapidly to 60-90 % of its normal size: it recovered again only a little less rapidly if, after a few seconds, stimulation of the nerve was discontinued. I f the muscle was stimulated a t lower frequencies (30-50 per sec.), the diminution of response produced by stimulation of the nerve was often preceded by a small and transient increase. In experiments of the converse type, stimula tion of the muscle whilst neuromuscular transmission was blocked evoked a diminished response. Treatment of Ringer-soaked preparations with prostigmine or eserine lowered the frequency at which the above-described diminution of muscular response to direct stimulation occurred. The responses of preparations which had been treated with prostigmine or eserine differed from those of Ringer-soaked preparations in two additional respects. These differences were more marked the higher the frequency a t which the nerve was stimulated, and the greater the concentration of prostigmine or eserine with which the preparation had been treated. One difference was that, upon discontinuing stimulation of the nerve whilst the muscle was being stimulated, the response recovered more slowly than did the response of Ringer-soaked preparations. The other difference was th a t if, whilst the muscle of a prostigmine-treated or eserine-treated preparation was being stimulated, the nerve was stim ulated for 3-7 sec., allowed to rest for 5-7 sec., stimulated for another 3-7 sec., and then allowed to rest again, the response recovered more slowly after the second period of nerve stimulation than after the first. The recovery of the muscular response became still slower after a third period of nerve stimulation. This is shown in figure 6C : after the first period of nerve stimulation the response re covered in about 1*1 sec., after the second period in about 1*7 sec., after the third period in about 3-8 sec.
W ith preparations which had been treated with curarine in a concentra tion such th a t neuromuscular transmission was blocked or almost blocked, stimulation of the nerve whilst the muscle was being stimulated produced no change in the response.
The results described in this section were uninfluenced by varying the time-constant of the shocks applied to the muscle from 200 to 500 //.sec., by varying the time-constant of the shocks applied to the nerve from 50 to 250 //sec., by varying either stimulus voltage between 1 and P5 times th a t needed to evoke maximal response.
G ENERAL DISCUSSION
The hypothesis th a t acetylcholine is the chemical transm itter from motor nerve to voluntary muscle is, I think, consistent with the fore going observations. In an earlier paper (1938) I suggested th a t the blocking of neuromuscular transmission resulting from a rapid series of nerve volleys might be attributed to accumulation of acetylcholine a t or near the nerve endings. From the observations described in § § 1 and 2 it might be concluded th a t if a single volley is set up in the motor nerve fibres of a warm preparation, then at the end of the absolute refractory period of those motor fibres a quantity of acetylcholine sufficient to block a second volley remains a t or near the nerve endings. P a rt of the localized acetyl choline may diffuse into adjacent regions in the muscle, p art may be destroyed by the choline esterase a t or near the nerve endings (Marnay and Nachmansohn 1937a, b, c, 1938) . The observations described in § 3 indicate th a t the block extends into the muscle fibre (cf. Osterhout (1932) on the blocking of propagated excitation in Valonia cells; Dale and Gasser (1926) on the blocking of propagated excitation in frog muscle by ACh.), and th a t therefore diffusion is by no means a negligible factor. The additional observations th a t curarine shortened the block following a single nerve volley, and th a t rapid stimulation of the nerve while transmission was blocked by curarine in no way interfered with contraction of the muscle in response to direct stimulation, are evidence th a t acetylcholine and not potassium ions were primarily responsible for the block in untreated preparations. I t is possible, however, th a t in the untreated preparations the acetylcholine itself caused a secondary liberation of potassium ions, which reinforced and prolonged the block.
The differences between Feng's observations on the effect of rapid stimulation of the nerve in blocking propagated excitation in the muscles of toad's preparations and my corresponding observations on frog's pre-parations are quantitative rather than qualitative. At present I will attem pt no more than to state some factors which may account for the differences. Feng and Ting (1938) have shown th a t in toad's sartorius muscle, as in frog's, the choline esterase is more concentrated a t or near the nerve endings than in the other parts. Marnay (1938) has offered evidence th a t to ad 's muscle contains only half as much choline esterase as does frog's muscle. Feng (1936a) has shown th a t toad's sartorius muscle ordinarily responds with a tetanus a t the make of a constant current, but th a t after a preliminary soaking of the muscle in Ringer's solution its response becomes more like th a t of warm frog's muscle. Lucas found th a t the minimum current gradient needed to set up propagated excitation in toad's, Ringer-soaked sartorius muscle (1907) was smaller than th a t needed for frog's, Ringer-soaked muscle (1908) . I t is possible also th at the amount of acetylcholine liberated a t the nerve endings is smaller in toad's th an in frog's preparations.
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